A model of factors influencing grain traceability characteristics: A quantification of grain layer mixing in storage facilities by Tenboer, Heather H. et al.
Agricultural and Biosystems Engineering 
Conference Proceedings and Presentations Agricultural and Biosystems Engineering 
2019 
A model of factors influencing grain traceability characteristics: A 
quantification of grain layer mixing in storage facilities 
Heather H. Tenboer 
Iowa State University, htenboer@iastate.edu 
Gretchen A. Mosher 
Iowa State University, gamosher@iastate.edu 
Charles R. Hurburgh 
Iowa State University, tatry@iastate.edu 
Follow this and additional works at: https://lib.dr.iastate.edu/abe_eng_conf 
 Part of the Agriculture Commons, Bioresource and Agricultural Engineering Commons, and the Food 
Science Commons 
The complete bibliographic information for this item can be found at https://lib.dr.iastate.edu/
abe_eng_conf/592. For information on how to cite this item, please visit http://lib.dr.iastate.edu/
howtocite.html. 
This Conference Proceeding is brought to you for free and open access by the Agricultural and Biosystems 
Engineering at Iowa State University Digital Repository. It has been accepted for inclusion in Agricultural and 
Biosystems Engineering Conference Proceedings and Presentations by an authorized administrator of Iowa State 
University Digital Repository. For more information, please contact digirep@iastate.edu. 
A model of factors influencing grain traceability characteristics: A quantification 
of grain layer mixing in storage facilities 
Abstract 
Traceability systems for food and feed ingredients have many factors that influence how effectively firms 
store, transport, refine, and process food products. Investment in food traceability systems can be a 
significant expense, but a robust system can efficiently isolate and remove contaminated products from 
the food chain, increasing consumer confidence. The traceability process is further complicated in the 
grain industry because grain is moved in bulk and cannot be individually marked with any of the current 
tracking devices such as barcodes, alphanumeric codes, or RFID (radio frequency identification) tags. The 
bulk movement of grain results in an undetermined amount of mixing and moving that occurs between 
lots of grain as it flows through storage and production systems. To better track and characterize this 
movement and mixing, several factors must be considered: grain type, moisture content, storage bin 
diameter and height, transportation type in and out, load-in location(s), load-out location(s), and flow rate. 
To improve the knowledge of grain behavior across the wide variety of scenarios in use in grain handling, 
research was conducted to simulate traceability and grain flow with a miniature scale model to quantify 
the extent of granular mixing within a given situation. The simulation will allow a statistical model to be 
constructed that gives food and feed handlers a tool for calculating the probability and associated error 
of mixture between grain lots while grain moves through the handling system in place at their facility. 
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ABSTRACT. Traceability systems for food and feed ingredients have many factors that influence how effectively firms 
store, transport, refine, and process food products. Investment in food traceability systems can be a significant expense, but 
a robust system can efficiently isolate and remove contaminated products from the food chain, increasing consumer 
confidence. The traceability process is further complicated in the grain industry because grain is moved in bulk and cannot 
be individually marked with any of the current tracking devices such as barcodes, alphanumeric codes, or RFID (radio 
frequency identification) tags. The bulk movement of grain results in an undetermined amount of mixing and moving that 
occurs between lots of grain as it flows through storage and production systems. To better track and characterize this 
movement and mixing, several factors must be considered: grain type, moisture content, storage bin diameter and height, 
transportation type in and out, load-in location(s), load-out location(s), and flow rate. To improve the knowledge of grain 
behavior across the wide variety of scenarios in use in grain handling, research was conducted to simulate traceability and 
grain flow with a miniature scale model to quantify the extent of granular mixing within a given situation. The simulation 
will allow a statistical model to be constructed that gives food and feed handlers a tool for calculating the probability and 
associated error of mixture between grain lots while grain moves through the handling system in place at their facility.  
Keywords. Bulk grain, grain traceability, food security, traceability systems.  
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Food Safety and Security 
Traceability is important to producers and consumers for many reasons, such as responding to food 
security threats, documenting chain of custody, documenting production practices, meeting regulatory 
compliance, or analyzing logistics and production costs (Thakur and Hurburgh, 2009). Further, food 
security threats such as drought, energy disruption, economics, terrorism, chemical pollution, genetic 
pollution, impacts on pollinators, soil erosion, climate change, and more can also impact the handling 
and distribution efficiency of food (Kruger, 2014). From the manufacturer’s standpoint, traceability is 
important for improving supply chain management, facilitating trace-back for food safety and quality, 
and to differentiate market foods with subtle or undetectable quality attributes. Traceability can also be 
used to make more accurate and detailed calculations about product movement and help the company 
decrease internal costs (Laux, Mosher, and Hurburgh, 2015). Although traceability applies to all food 
and feed commodities, this document will focus strictly on bulk grain while it is moving through the 
handling facility (i.e. the grain elevator).  
The United States is one of the world’s leading food producers, and Iowa boasted an incredible 140 
billion pounds of field corn production in 2015 (Iowa Corn, 2017). With an estimated 50.8 million 
metric tons of corn produced annually, Iowa grows more corn for food, feed, and fuel annually than 
Mexico, India, Argentina, Ukraine, Indonesia, France, and South Africa.  While food traceability and 
bulk grain traceability are a concern worldwide the sheer volume of grain moving through the Midwest 
in the United States further complicates any attempts at traceability.  
Current Methods and Challenge 
According to Charlebois et al. (2014) the United States is ranked as “Moderate” with respect to 
regulation of traceability. This evaluation examined 21 Organization for Economic Co-Operation and 
Development (OECD) countries using an assessment matrix of ten questions and resulting in a ranking 
of “Progressive”, “Moderate”, or “Regressive”. The “Progressive” ranking is defined as being those 
countries that have specific traceability regulations for all commodities, both domestic and imports, 
while “Moderate” described those with less broad or stringent regulations (Charlebois, 2014). Since 
strict enforcement of traceability protocols is not present in all aspects of the food and feed industry in 
the U.S., and because there is an economic impact associated with traceability, traceability in many 
areas is voluntary and therefore there are differentiated standards and economic results (Regattieri et al, 
2006).   
Current Methods 
An ideal product traceability system should include every agent in the supply chain. The technical 
and operative resources available today are alphanumerical code, bar code, and radio-frequency 
identification (RFID) (Regattieri et al, 2006). Radio frequency identification technology uses radio 
waves to identify people or objects with a device that reads information contained in a wireless device 
or “tag” from a distance without making any physical contact or requiring line-of-sight (Department of 
Homeland Security, 2017). The other two methods are well known and will not be explained here.  
There are issues with each of these methods, namely that alphanumeric codes are not standardized so 
that each member in the supply chain may have their own way of coding products, bar coding truck 
loads can be done but require knowledge of all potential lots included in that load-out scenario, and 
RFID tags are expensive (Regattieri et al, 2006) and impractical with bulk items such as grain since 
they would either need to be biodegradable and edible, or retrieved after load-out. 
Challenges  
Granular materials have been the subject of a very active field of research over many decades due to 
their importance in industrial processing. Although a great deal of research has been conducted to 
identify granular behavior, there is not currently any research addressing the specific behavior of grain 
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as it flows through a storage bin with regards to the amount of mixing and commingling that occur 
during that bulk movement. One example to consider is tracking grain as it moves through a bin at a 
commercial cooperative. The lot of grain, called “Lot - Blue”, is trucked in from a local farm and 
delivered into a bin, potentially on top of another lot of grain, probably from a different farm. Then as 
the cooperative sells grain, the column of grain in the bin moves downward, changing the elevation of 
Lot-Blue. Hopper angle will affect the shape of the central conical inversion of the bulk of the grain and 
therefore change how evenly the grain is removed. A steep hopper angle will remove grain from the 
center of the column before it moves material on the sides, while a shallower hopper angle may provide 
a more level elevation change. This scenario is one of many that occur inside the bin and a better 
understanding of these movements can assist in improving traceability modeling for bulk grain.  
Flat floored bins are the most common in Iowa, so the experiments in this project were performed 
using a flat floored model. The size of the container emptied into the bin will affect the depth of the 
layer. Many bins have multiple load-in conveyors rather than one central point of entry, as well as many 
load-out conveyors, and these factors compound the traceability issues. Overall, the new location of 
Lot-Blue depends on how many tons of grain were removed from the bottom of the bin, the bin diameter, 
the frictional properties and moisture content of the grain, original grain height, angle of repose, and 
the hopper angle. This project will explore the influence of these variables on the ability to accurately 
trace the grain as it moves through the cooperative handling system.  
Materials and Methods  
Simulation methods, such as EDEM software, use known flow characteristics and flow behaviors 
and can be used to theorize how the grain will mix during flow. The goal with this study is to develop 
a method to quantify the mixing that will occur, use the quantitative data to develop a statistical analysis 
tool for predicting mixing behavior, and compare the quantitative results against the EDEM results. The 
quantitative method requires a small-scale grain bin, a small grain, and a method for differentiating the 
grain layers. A grain bin constructed of clear plastic allows for viewing of the grain movement, has an 
opening in the center at the top for receiving grain, and a slide gate in the bottom for load-out. The 
representative diameter of the scale model bin and subsequent volumetric storage represented were used 
to calculate the scaled down volumes of varying delivery methods (i.e. semi-truck, rail car, and barge).  
It has been determined that this model scale bin represents a 24.5-foot diameter grain bin that can 
hold 8,400 bushels of corn, or 8.4 semi-truck loads, and the scale size of the semi-truck loads has been 
determined to be 755 cubic centimeters. The bin will be filled using single-point receiving of scale-size 
1000-bushel loads. Each load represents grain from a different farm and will be stained in order to easily 
differentiate them from the others. The bin will be unloaded using the same 1000 bushel loads with each 
load then being processed to separate the seeds from each other by color using a Satake compact full 
color RGB optical sorter, then each fraction will be weighed in order to quantify the mixing that has 
occurred. Mustard seeds were chosen because they are of an appropriate size for this model. Mustard 
seeds also offer important similarities to grains of interest in terms of their bulk density and angle of 
repose.  
Conclusion 
The model for this research has been built and the seeds are in the process of being stained and dried, 
however the color sorter has not arrived on campus yet. The scenarios will be run and analyzed over the 
next couple of months and will be made available in the fall of 2019.  
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